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HELICAL COIL SPRINGS. 


By T. Haypy WHITEHOUSE and H. P. Crarke. 


Ir is obvious that in mechanical designs involving the use of springs 
these must be considered first as their dimensional limitations will 
affect to a lesser or greater degree the final arrangement of the 
mechanism. 


Anyone who has had to use springs in problems of this nature will 
appreciate the difficulties when faced by so many variables. The 
charts offer in an easily comparable form a complete range of practical 
helical coil compression and tension springs of up to 1” dia. wire and 
12” mean coil diameter in a series of useful stages. Intermediate coil 
diameter can be obtained by interpolation if necessary. The range 
is limited to practical proportions by the spring index and Wahls’ 
correction factor so that any spring not falling in the chartered range 
will not be generally acceptable as a practical component. 


When a suitable spring has finally been selected from the charts 
as much information as possible should be forwarded to the manu- 
facturer when enquiring or ordering. Typical drawing layouts 
showing a suitable way of doing this are given on sheet 4, and it is 
recommended that this standard method be adhered to in detailing 
springs. 

Sheet 1 gives relevant forinulae and notation as used throughout. 


Sheet 2 gives the equivalent formulae tor square and rectangular 
wire, together with information and factors to enable the inch plate 
and safe load charts to be used. The required inch rate can be read 
directly off the chart by taking an equivalent size of round wire as 
shown and multiplying by the appropriate factor as tabulated. The 
safe load figures are complicated by the fact that the allowable stress 
varies with the wire sizes on the chart and which is indicated in the 
various sections. The values upon which the charted figures are 
based are for hard drawn wire E.N. 49/B, C. & D, range 1 (minimum). 
Square and rectangular wire is hardened and tempered and the 
allowable stress will therefore differ. _ This is usually taken as being 
40% of the ultimate tensile stress. In order therefore to obtain the 
correct safe load the equivalent value for round wire found in Chart II. 
must be multiplied by the factor found by dividing the stress to be 
used by the stress allowed on chart. This corrected figure can then 
be multiplied by the factor @ tabulated. 


Sheet 3 gives notes regarding use of charts and a table of safe 
stresses for hard drawn wire to B.S. 1408/47. E.N. 49 B,C. & D. 
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On Sheet 4, in addition to the drawing layouts already referred 
to, will be found a series of details showing the various ends that can 
be made on compression and extension springs. It should be noted 
that complete details of the types of ends required should be given 
to the manufacturers in order that no confusion over misleading 
terms will occur. 


Sheet 5 contains the Inch Rate and Safe Load Charts Nos. I. and IT. 
Chart I. is based on formula 1, sheet 1, and gives the complete range 
of springs between the spring index values of 3 and 15, 3 at the top. 
It is inadvisable to use springs with a lesser or greater index than this. 
The most serviceable size is that with an index of 9 and this scries is 
indicated by the two centre zig-zag heavy lines. The outer pair of 
heavy lines indicates the series of springs with indexes of 6 to 12. 
It should be noted that the values given have been computed with 
N = 1 where N is the number of working coils. Therefore to obtain 
the inch rate for an existing spring, divide the figure given by the 
number of coils and to find the number of coils for a given rate, divide 
the figure by the rate required. 


The safe load may be read off directly on Chart II. It is based 
on formula 2, sheet 1, using the values for S, as quoted. These are 
taken from stress values given in B.S. 1408/47 and are the safe allow- 
able stresses given under the minimum values for wire in Range 1, 
Sheet 3. Safe loads for the other values and ranges can be obtained 
by multiplying by the factors given on Shect 3. E.N. 49B is specified 
as hard drawn patented wire (not for high duty). E.N. 49C is 
specified as high duty wire (unground). E.N. 49D is specified as 
high duty wire (ground). The term high duty is specified in B.S. 1408 
as wire suitable for valve springs or other applications where it is 
essential to have the highest possible resistance to fatigue. 


Sheet 6 contains the Initial Tension Chart III. which is based on 
formula 3, Sheet 1, and experimental data published in ‘Spring 
Design and Calculations” by John A. Roberts. This book deals very 
thoroughly with all aspects of spring design and is recommended to all 
interested in further study of this absorbing topic. We are indebted 
to Mr. John A. Roberts and Messrs. Herbert Terry & Sons, Ltd., for 
permission to use the relevant formulae and data. This initial load 
applies only to extension springs and is the load required to be exerted 
on the springs before the coils begin to open. When this state is 
reached the spring thereafter performs as would a compression spring, 
the inch rate given on Chart I. being the load required to extend the 
spring and not compress it. It should be noted that this initial 
tension only occurs with springs made from hard drawn wire as given 
by B.S. 1408, E.N. 49B, C.& D. Springs which are made with square 
wire or wire hardened and tempered after coiling have no initial 
tension and will begin to extend at the inch rate as soon as any load 
is applied. 
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ROUNO WIRE 


FORMULAE : 


INCH RATE:- 


x= Gd* ibs/inch (see Cuaer I 
i: o4NRS ) 
SAFE Loao:— 
Ww, = 1964 lg Ibs. (See Cuaert IL) 
@. z Se. 


INITIAL TENSION LoAD:— 
(EXTENSION SPRINGS) 


3. w = 1964 Sid® bs(See Cuaet IL) 
R 
Wises 
d = WiRE CIAMETER IN INCHES 
N= Nommte oF Cons 
Re MEAN RADIOS OF Cons IN INCHES 
as Moepor.vs oF RiIgimITyY 
Ss, = INITIAL TENSION GTRESS IN 18S/0" 
S,* Sare Fisre Sreess (See Tasre) In LB9f 
CF Spang Ibmex = 22 
a 
K = WAHUS CoRRECTION FacToR = 
4c-' + Gs 
4ac-4 


SWEET I. 
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RECTANGULAR & SQLARE WIRE. 


IncH RaTe:— Biba = _GO* (For Rouss WiRE) x A Ibs /inch 
2R3Ia7N G4 NRS 
Sare_ Loan:- Sz ubh* =z ‘1964 Syd? (for Rovwowre)x 9 Ibs. 
RK RK 


WHere b= LonceR SIDE AND h= SHORTER SIDE IRRESPECTIVE 
OF WHETHER THE SPRIRG IS MASE LP WITH THE BAR COILED 
EmcEwIsE oR FLATWISE 

Nete:- S32 Valves allowed in CHART I are not necessarily correct 
For square wite. To obtain correct value, given figure ‘must . be 
multiplied by a factor ebtained by dividing the stress to he 
allowed fy the stress value given in CHaeT I Allowable’ stress 
is taken as 40% of the Ultimate Tensile Stress. 


To FID WCH RATE oR SAFE LOAD FROM CHART:— 


Find Inch Rate or Safe Lead of similar round wire spring taking 
ad fer Inch Rate as Yoxh3 and A for safe load as Woy ht 
The values found must then be moltipliec by A (Inch Rate) or 

@ (Safe load) as given by Bb in the Following table. 


TABLE oF VALUES FoR 4,4, @ Fer Square WiRE. 


+239 
73784 


fog 7. 3/8! | 7.3636) 73909 | 7BU6|F4265| 4502| £4757! F487 | 74 955 | 7: 

| # |-141 | 190] -214] -229| -249] -263]-281 

tog. 7-1892| 7.2923 73304 | 7-3599 |7- 3962) 74-200] 7-4487| 7-4757| 
A 11436 | 1-996) 2479 
fea. IS 7/_|-3002 | - 3383 
BP {6059 ] 1176] 1-217 |p-2s2 
fog }-0269 | oe | 0852 | 0977 | -w84 |-/333 


74871| 7.4955 


SHEET 2. 
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he |nch Rate Chart I is based on Formula \ 


and compiled for Carbon Steel Wire and Chrome Vanadium 
wire where G= IS x 106. The figure given of the 
intersection of the wire dia. and Ehe mean coil dia. must 
be dwided by the number of working coils Fo give the 
Inch Rate. Allow Y4 coil extra cach end for squaring off. 

The Sefe Load Chart E is based on formula 2 
where S$, = allowable safe stress for Hard Orawn Wire 
Ey 49 6.c.4D to Bs. 1408/47 Range |. To obtain Safe 
Lead for Range | max: allowable stress or Ranges 2&3 
min. of max. allowable stress multiply figure given by factor 
Showa ja “able below. The allowable safe “stress is 
taken as 40% Ultimate Tensile Stress. 

The {nital Load Chart IL is based on formula 3 
aed applies to the Initial Tension Load on Extension Springs. 
This figure must be considered when finding the extension under 


food buk does net affect the Inch Rate. Square or Rectangular 
wire is hardened and Cempered after coiling and has no initial 
Eeasion . 


SAFE STRESSES. Hard Mrawn Wire EN49.BCGO 


MW. [ee 
MSSoo| 
107.000 | 116,500 

I 1 o8 
035 to ‘OS% |98,S00 | '97,000 |107,000 | 1G,Soo 
1 tod | 1:09 ig 
“083 to ‘086 |89,S00 | 98,500| 98,500 | 107.Se0 | 1O7,S00 

\ it 


Wiee Dias 


0:53 to 0% 


125,000 
V7 


ial V2 tz 
‘087 to 136 [80.600 | 89,500| 89500 | 98.500| 98,500 | 107.500] Ibs/a” 
1 ia Lau £22 1-22 134 factor 


“137 to *202 |71,$00 | BoSee | 80500 | 89 S00] 89.500 | 38.500 | Ihs/a" 
1 a ws [25 v25 | 138 | factor 


62,500 | 71,$00 | 71,500 | Bo,Soe | B0Sce | B9,Se0| is/a" 
1 Wid F239 [1-43 | factor 

e T.So0 | 80600 | tbs/o” 
rig | 129 | factor 
a 
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SHEET 4 
—- DaTa— 
MATL: CARBON Stee, EN4® B Rance! 
DIA. OF WikE:- Il SW.G. 


No. OF WoRKING Cows:- 5. 
ToTAL No. oF Cons:- 62. 
ENDS CLOSED AND GRounn Sq 
INITIAL =ComPRESSION :- ye, 
TeoTAL WoRKING ComPn.:- “2. 


. Z ! STATE WHETHER INcH RATE:- 52 Ib. 
INSIDE, OUTSIDE OR MEAN Sare Loao:- 42 1b, 
OAMETER Finis :- SELF CoLroug 
—DATA— 
a MATL: CARBON STEEL EN4S B Rancel 


OIA. OF WIRE +- 14 SwWa. 

No of Cons:- 26. 

FuLL ROUND EYES EACH END 
IN LINE OVER CENTRE, 
INITIAL EXTENSION :- 72 
TeTAL_EXTENSION :- 1'4. 

INCH RATE:- Tib. 

SAFE LOAD :- 23\b. 


iy 
4é MEAN DIA. 
INoTE:- EYE DIA. IS NORMALLY SAME DIA. 


IAS SPRING. IF Hooks ARE REQUIRED FINISH :— 
ISPECIFY WIOTH OF OPENING. Brack ENAMEL. 
i © yl 
3 Sod | 
CLOSED &GR0.SQ. FULL EYE. FULL. HOOK, LONG ROUND END LONG Swiver EYE. 


CLOSED HALF EYE HALF HOOK LONG SQUARE END Suiver HOOK 


-|0 ct 2 <i a 


OPEN EXTENDED EYE oak on V HOOK OVER CENTRE SHORT SwiveL EYE 
SIDE 
“ 
‘IN di — O@Q =< 
e u 
OPEN & GROUND SMALL EYE ATSIOE ANNEALED ENDS HOOKS 0@ EYES INLINE SwivEL BOLT 
FOR FORMING OR AT RIGHT ANGLES ETC. 
Enos FoR EYES ARE CLOSED - HOOKS ARE, OPEN CONES Enns 
COMPRESSION FULL EYES OR HOOKS AT CENTRE O@ SIDE. Foo 
SPRINGS HALF EYES oR HOOKS AT CENTRE Swiver Fixings! 


ENDS FOR TENSION SPRINGS. 
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